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3120 METALS BY PLASMA EMISSION SPECTROSCOPY* 



3120 A. Introduction 



1. General Discussion 

Emission spectroscopy using inductively coupled plasma (ICP) 
was developed in the mid-1 960V- 2 as a rapid, sensitive, and 
convenient method for the determination of metals in water and 
wastewater samples. 3 fl Dissolved metals are determined in fil- 
tered and acidified samples. Total metals are determined after 
appropriate digestion. Care must be taken to ensure that poten- 
tial interferences are dealt with, especially when dissolved solids 
exceed 1500 mg/L. 
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3120 B. Inductively Coupled Plasma (ICP) Method 



1 . General Discussion 

a. Principle: An ICP source consists of a flowing stream of 
argon gas ionized by an applied radio frequency field typically 
oscillating at 27.1 MHz. This field is inductively coupled to the 
ionized gas by a water-cooled coil surrounding a quartz "torch" 
that supports and confines the plasma. A sample aerosol is gen- 
erated in an appropriate nebulizer and spray chamber and is 
carried into the plasma through an injector tube located within 
the torch. The sample aerosol is injected directly into the ICP, 
subjecting the constituent atoms to temperatures of about 6000 
to 8000 o K.' Because this results in almost complete dissociation 
of molecules, significant reduction in chemical interferences is 
achieved. The high temperature of the plasma excites atomic 
emission efficiently. Ionization of a high percentage of atoms 
produces ionic emission spectra. The ICP provides an optically 
"thin* 1 source that is not subject to self-absorption except at very 
high concentrations. Thus linear dynamic ranges of four to six 
orders of magnitude are observed for many elements. 2 

The efficient excitation provided by the ICP results in low 
detection limits for many elements. This, coupled with the ex- 
tended dynamic range, permits effective multielement determi- 
nation of metals/ The light emitted from the ICP is focused onto 
the entrance slit of either a monochromator or a polychromator 
that effects dispersion. A precisely aligned exit slit is used to 
isolate a portion of the emission spectrum for intensity meas- 
urement using a photomultiplier tube. The monochromator uses 
a single exit slit/photomultiplier and may use a computer-con- 
trolled scanning mechanism to examine emission wavelengths 
sequentially. The polychromator uses multiple fixed exit slits and 
corresponding photomultiplier tubes; it simultaneously monitors 



all configured wavelengths using a computer-controlled readout 
system. The sequential approach provides greater wavelength 
selection while the simultaneous approach can provide greater 
sample throughput. 

b. Applicable metals and analytical limits: Table 3120:1 lists 
elements for which this method applies, recommended analytical 
wavelengths, and typical estimated instrument detection limits 
using conventional pneumatic nebulization. Actual working de- 
tection limits are sample-dependent. Typical upper limits for 
linear calibration also are included in Table 3120:1. 

c*. Interferences: Interferences may be categorized as follows: 
1) Spectral interferences — Light emission from spectral sources 
other than the element of interest may contribute to apparent 
net signal intensity. Sources of spectral interference include di- 
rect spectral line overlaps, broadened wings of intense spectral 
lines, ion -atom recombination continuum emission, molecular 
band emission, and stray (scattered) light from the emission of 
elements at high concentrations. 4 Avoid line overlaps by selecting 
alternate analytical wavelengths. Avoid or minimize other spec- 
tral interference by judicious choice of background correction 
positions. A wavelength scan of the element line region is useful 
for detecting potential spectral interferences and for selecting 
positions for background correction. Make corrections for resid- 
ual spectral interference using empirically determined correction 
factors in conjunction with the computer software supplied by 
the spectrometer manufacturer or with the calculation detailed 
below. The empirical correction method cannot be used with 
scanning spectrometer systems if the analytical and interfering 
lines cannot be precisely and reproducibly located. In addition, 
if using a polychromator, verify absence of spectral interference 
from an element that could occur in a sample but for which there 
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Table 3120:1. Suggested Wavelengths, Estimated Detection Limits, Alternate Wavelengths, Calibration Concentrations, and 

Upper Limits 





Estimated 








Suggested 


Detection 


Alternate 


Calibration 


Upper Limit 


Wavelength 


Limit 


Wavelength* 


Concentration 


Concentration 


nm 


ILg/L 


nm 


mg/L 


mg/L 


308.22 


40 


237.32 


10.0 


100 


206.83 


30 


217.58 


10.0 


100 


193.70 


50 


189.04* 


10.0 


100 


455.40 


2 


493.41 


1.0 


50 


313.04 


0.3 


234.86 


1.0 


10 


249.77 


5 


249.68 


1.0 


50 


226.50 


4 


214.44 


2.0 


50 


317.93 


10 


315.89 


10.0 


100 


267.72 


7 


206.15 


5.0 


50 


228.62 


7 


230.79 


2.0 


50 


324.75 


6 


219.96 


1.0 


50 


259.94 


7 


238.20 


10.0 


100 


220.35 


40 


217.00 


10.0 


100 


670.78 


4:j: 


__ 


5.0 


100 


279.08 


30 


279.55 


10.0 


100 


257.61 


2 


294,92 


2.0 


50 


202.03 


8 


203.84 


10.0 


100 


231.60 


15 


221.65 


2,0 


50 


766.49 


100? 


769.90 


10.0 


100 


196.03 


75 


203.99 


5.0 


100 


212.41 


20 


251.61 


21.4 


100 


328.07 


7 


338.29 


2.0 


50 


589.00 


30? 


589.59 


10.0 


100 


407.77 


0.5 


421.55 


1 .0 


50 


190.86* 


40 


377.57 


10.0 


100 


292.40 


8 


__ 


1.0 


50 


213.86 


2 


206.20 


5.0 


100 



Element 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Lithium 

Magnesium 

Manganese 

Molybdenum 

Nickel 

Potassium 

Selenium 

Silica (SiO : ) 

Silver 

Sodium 

Strontium 

Thallium 

Vanadium 

Zinc 

* Other wavelengths may be substituted if they provide the needed sensitivity and are corrected lor spectral interference . 
t Available with vacuum or inert gas purged optical path. 
± Sensitive to operating conditions. 



is no channel in the detector array. Do this by analyzing single- 
element solutions of 100 mg/L concentration and noting for each 
element channel the apparent concentration from the interfering 
substance that is greater than the element's instrument detection 
limit. 

2) Nonspectral interferences 

a) Physical interferences are effects associated with sample 
nebulization and transport processes. Changes in the physical 
properties of samples, such as viscosity and surface tension, can 
cause significant error. This usually occurs when samples con- 
taining more than 10% (by volume) acid or more than J 500 mg 
dissolved solids/L are analyzed using calibration standards con- 
taining < 5% acid, Whenever a new or unusual sample matrix 
is encountered, use the test described in 1! 4g, If physical inter- 
ference is present, compensate for it by sample dilution, by using 
matrix-matched calibration standards, or by applying the method 
of standard addition (see 11 5d below). 

High dissolved solids content also can contribute to instru- 
mental drift by causing salt buildup at the tip of the nebulizer 
gas orifice. Using prehumidified argon for sample nebulization 
lessens this problem. Better control of the argon flow rate to the 
nebulizer using a mass flow controller improves instrument per- 
formance. 



b) Chemical interferences are caused by molecular compound 
formation, ionization effects, and thermochemical effects asso- 
ciated with sample vaporization and atomization in the plasma. 
Normally these effects are not pronounced and can be minimized 
by careful selection of operating conditions (incident power, plasma 
observation position, etc.). Chemical interferences are highly 
dependent on sample matrix and element of interest. As with 
physical interferences, compensate for them by using matrix 
matched standards or by standard addition (II 5d). To determine 
the presence of chemical interference, follow instructions in 11 4g. 



2. Apparatus 

a. ICP source: The 1CP source consists of a radio frequency 
(RF) generator capable of generating at least 1. 1 KW of power, 
torch, tesla coil, load coil, impedance matching network, neb- 
ulizer, spray chamber, and drain. High-quality flow regulators 
are required for both the nebulizer argon and the plasma support 
gas flow. A peristaltic pump is recommended to regulate sample 
flow to the nebulizer. The type of nebulizer and spray chamber 
used may depend on the samples to be analyzed as well as on 
the equipment manufacturer, In general, pneumatic nebulizers 
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of the concentric or cross-flow design are used. Viscous samples 
and samples containing particulates or high dissolved solids con- 
tent (>5000 mg/L) may require nebulizers of the Babington type. 5 
b. Spectrometer: The spectrometer may be of the simultaneous 
(polychromator) or sequential (monochromator) type with air- 
path, inert gas purged, or vacuum optics. A spectral bandpass 
of 0.05 nm or less is required. The instrument should permit 
examination of die spectral background surrounding the emission 
lines used for metals determination. It is necessary to be able to 
measure and correct for spectral background at one or more 
positions on either side of the analytical lines. 



3. Reagents and Standards 

Use reagents that are of ultra-high-purity grade or equivalent. 
Redistilled acids are acceptable. Except as noted, dry all salts at 
105°C for 1 h and store in a desiccator before weighing. Use 
deionized water prepared by passing water through at least two 
stages of deionization with mixed bed cation/anion exchange 
resins. 6 Use deionized water for preparing all calibration stand- 
ards, reagents, and for dilution. 

a. Hydrochloric acid, HCL cone and I -h I. 

b. Nitric acid, HN0 3 , cone. 

c. Nitric acid, UNO,, 1 + 1: Add 500 mL cone HN0 3 to 400 
mL water and dilute to 1 L. 

d. Standard stock solutions: See 31 I J B. 3 HID, and 3114B. 
Caution: Many metal salts are extremely toxic and may be fatal 
if swallowed. Wash hands thoroughly after handling. 

1) Aluminum: See 311 ID. 3/:!). 

2) Antimony: See 3.1 I IB. 3/1). 

3) Arsenic: See 3114B.3A'!).' 

4) Barium: Sec 3111D.3*2). 

5) Beryllium: See 311 ID. 3*3). 

6) Boron: Do not dry but keep bottle tightly stoppered and 
store in a desiccator. Dissolve 0.57.16 g anhydrous H 3 B0 3 in 
water and dilute to 1000 mL; 1 mL = 100 \±g B. 

7) Cadmium: See 3.1 .1 :i B.3/3). 

8) Calcium: See 311 IB. 3/4). 

9) Chromium: See 311 IB. 3/6) . 

10) 0>W/: See 31 MB. 3/7). 

11) Copper: See 311 IB. 3/8). 
J 2) Iron: See 311 IB. 3/11). 

13) Lead: See 31 1 J B. 3/1 2). 

14) Lithium: See 311 IB. 3/13). 

15) Magnesium: See 311 IB. 3/14). 

1 6) Manganese: See 3 .1 1 1 B .3/1 5 ) . 

17) Molybdenum: See 3U1D.3A4). 

18) Nickel: See 311 IB. 3/16). 

19) Potassium: See 31 1 IB. 3/19). 

20) Selenium: See 3114B.3/rl), 

21) Silica: See 3L11D.3A-7). 

22) Silver: Sec 311 IB. 3/22). 

23) Sodium: See 311 IB. 3/23). 

24) Strontium: See 31 I IB. 3/24). 

25) Thallium : See 3 1 1 1 B . 3/25 ) . 

26) Vanadium: See 31 1 1D.3A10). 

27) Zinc: See 31 LIB. 3/27). 



e. Calibration standards: Prepare mixed calibration standards 
containing the concentrations shown in Table 3120:1 by combin- 
ing appropriate volumes of the stock solutions in 100-m.L volu- 
metric flasks. Add 2 mL 1 + 1 HN0 3 and 10 mL 1 + 1 HC1 and 
dilute to 100 mL with water. Before preparing mixed standards, 
analyze each stock solution separately to determine possible 
spectral interference or the presence of impurities. When pre- 
paring mixed standards take care that the elements are compat- 
ible and stable. Store mixed standard solutions in an FEP fluo- 
rocarbon or unused polyethylene bottle. Verify calibration 
standards initially using the quality control standard; monitor 
weekly for stability. The following are recommended combina- 
tions using the suggested analytical lines in Table 3120:1. Alter- 
native combinations are acceptable. 

1) Mixed standard solution I: Manganese, beryllium, cad- 
mium, lead, selenium, and zinc. 

2) Mixed standard solution II: Barium, copper, iron, vana- 
dium, and cobalt. 

3) Mixed standard solution III: Molybdenum, silica, arsenic, 
strontium, and lithium. 

4) Mixed standard solution IV: Calcium, sodium, potassium, 
aluminum, chromium, and nickel. 

5) Mixed standard solution V: Antimony, boron, magnesium, 
silver, and thallium. If addition of silver results in an initial 
precipitation, add 15 mL water and warm flask until solution 
clears. Cool and dilute to 100 mL with water. For this acid 
combination limit the silver concentration to 2 mg/L. Silver under 
these conditions is stable in a tap water matrix for 30 d. Higher 
concentrations of silver require additional HC1. 

/. Calibration blank: Dilute 2 mL 1 + 1 HN0 3 and 10 mL 1 + 1 
HO to 100 mL with water. Prepare a sufficient quantity to be 
used to flush the system between standards and samples. 

g. Method blank: Carry a reagent blank through entire sample 
preparation procedure. Prepare method blank to contain the 
same acid types and concentrations as the sample solutions. 

h. Instrument check standard: Prepare instrument check 
standards by combining compatible elements at a concentration 
of 2 mg/L. ' 

/. Instrument quality control sample: Obtain a certified aqueous 
reference standard from an outside source and prepare according 
to instructions provided by the supplier. Use the same acid matrix 
as the calibration standards. 

/. Method quality control sample: Carry the instrument quality 
control sample (*! 3/) through the entire sample preparation pro- 
cedure. 

k. Argon: Use technical or welder's grade, [f gas appears to 
be a source of problems, use prepurified grade. 



4. Procedure 

a. Sample preparation: See Section 3030F. 

b. Operating conditions: Because of differences among makes 
and models of satisfactory instruments, no detailed operating 
instructions can be provided. Follow manufacturer's instructions. 
Establish instrumental detection limit, precision, optimum back- 
ground correction positions, linear dynamic range, and interfer- 
ences for each analytical line. Verify that the instrument config- 
uration and operating conditions satisfy the analytical requirements 
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and that they can be reproduced on a day-to-day basis. An atom- 
to-ion emission intensity ratio [Cu(I) 324.75 nm/Mn(II) 257.61 
nm] can be used to reproduce optimum conditions for multiele- 
ment analysis precisely. The Cu/Mn intensity ratio may be in- 
corporated into the calibration procedure, including specifica- 
tions for sensitivity and for precision. 7 Keep daily or weekly 
records of the Cu and Mn intensities and/or the intensities of 
critical element lines. Also record settings for optical alignment 
of the polychromator, sample uptake rate, power readings (in- 
cident, reflected), photomultiplier tube attenuation, mass flow 
controller settings, and system maintenance. 

c. Instrument calibration: Set up instrument as directed (11 b). 
Warm up for 30 min. For polychromators, perform an optical 
alignment using the profile lamp or solution. Check alignment 
of plasma torch and spectrometer entrance slit, particularly if 
maintenance of the sample introduction system was performed. 
Make Cu/Mn or similar intensity ratio adjustment. 

Calibrate instrument according to manufacturer's recom- 
mended procedure using calibration standards and blank. As- 
pirate each standard or blank for a minimum of 15 s after reaching 
the plasma before beginning signal integration. Rinse with cal- 
ibration blank or similar solution for at least 60 s between each 
standard to eliminate any carryover from the previous standard. 
Use average intensity of multiple integrations of standards or 
samples to reduce random error. 

Before analyzing samples, analyze instrument check standard. 
Concentration values obtained should not deviate from the actual 
values by more than ±5% (or the established control limits, 
whichever is lower). 

d. An a lysis of samp les r : B e gi n e ac h sa m p 1 e r u n w i th an a n al y si s 
of the calibration blank, then analyze the method blank. This 
permits a check of the sample preparation reagents and proce- 
dures for contamination. Analyze samples, alternating them with 
analyses of calibration blank. Rinse for at least 60 s with dilute 
acid between samples and blanks. After introducing each sample 
or blank let system equilibrate before starting signal integration. 
Examine each analysis of the calibration blank to verify that no 
carry-over memory effect has occurred. If carry-over is observed, 
repeat rinsing until proper blank values are obtained. Make ap- 
propriate dilutions and acidifications of the sample to determine 
concentrations beyond the linear calibration range. 

e. Instrumental quality control: Analyze instrument check 
standard once per 10 samples to determine if significant instru- 
ment drift has occurred. If agreement is not within ± 5% of the 
expected values (or within the established control limits, which- 
ever is lower), terminate analysis of samples, correct problem, 
and recalibrate instrument. If the intensity ratio reference is used, 
resetting this ratio may restore calibration without the need for 
reanalyzing calibration standards. Analyze instrument check 
standard to confirm proper recalibration. Reanalyze one or more 
samples analyzed just before termination of the analytical run. 
Results should agree to within ± 5%, otherwise all samples 
analyzed after the last acceptable instrument check standard 
analysis must be reanalyzed. 

Analyze instrument quality control sample within every run. 
Use this analysis to verify accuracy and stability of the calibration 
standards. If any result is not within ± 5% of the certified value, 
prepare a new calibration standard and recalibrate the instru- 
ment. If this does not correct the problem, prepare a new stock 
solution and a new calibration standard and repeat calibration. 



/'. Method quality control: Analyze the method quality control 
sample within every run. Results should agree to within ± 5% 
of the certified values. Greater discrepancies may reflect losses 
or contamination during sample preparation. 

g . Test fo r m atrix in terference : When analyzing a new or un- 
usual sample matrix verify that neither a positive nor negative 
nonlinear interference effect is operative. If the element is pres- 
ent at a concentration above 1 mg/L, use serial dilution with 
calibration blank. Results from the analyses of a dilution should 
be within ± 5% of the original result. Alternately, or if the 
concentration is either below 1 mg/L or not detected, use a post- 
digestion addition equal to 1 mg/L. Recovery of the addition 
should be either between 95% and 105% or within established 
control limits of ± 2 standard deviations around the mean. If a 
matrix effect causes test results to fall outside the critical limits, 
complete the analysis after either diluting the sample to eliminate 
the matrix effect while maintaining a detectable concentration 
of at least twice the detection limit or applying the method of 
standard additions. 



5. Calculations and Corrections 

a. Blank correction: Subtract result of an adjacent calibration 
blank from each sample result to make a baseline drift correction. 
(Concentrations printed out should include negative and positive 
values to compensate for positive and negative baseline drift. 
Make certain that the calibration blank used for blank correction 
has not been contaminated by carry-over.) Use the result of the 
method blank analysis to correct for reagent contamination. Al- 
ternatively, intersperse method blanks with appropriate samples. 
Reagent blank and baseline drift correction are accomplished in 
one subtraction. 

b. Dilution correction: If the sample was diluted or concen- 
trated in preparation, multiply results by a dilution factor (DF) 
calculated as follows: 



DF 



Final weight or volume 
Initial weight or volume 



c . Correction fo r sp ectral in terferen ce : Cor r ect f o r s p e ct r a I i n - 
terference by using computer software supplied by the instrument 
manufacturer or by using the manual method based on interfer- 
ence correction factors. Determine interference correction fac- 
tors by analyzing single-element stock solutions of appropriate 
concentrations under conditions matching as closely as possible 
those used for sample analysis. Unless analysis conditions can 
be reproduced accurately from day to day, or for longer periods, 
redetermine interference correction factors found to affect the 
results significantly each time samples are analyzed. 7 - s Calculate 
interference correction factors (K tl ) from apparent concentra- 
tions observed in the analysis of the high-purity stock solutions: 



K n = 



Apparent concentration of element / 
Actual concentration of interfering element j 



where the apparent concentration of element / is the difference 
between the observed concentration in the stock solution and 
the observed concentration in the blank. Correct sample con- 
centrations observed for element / (already corrected for baseline 
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drift), for spectral interferences from elements /, k, and /; for 
example: 

Concentration of element / corrected for spectral interference 
Observed Observed 



Observed 
— concentration 

of i 



, .. , concentration , „ , concentration 

(A..,) ... ... — ( A./J ., . ,. . 

' of interlennu oi inter! enne 



(K, 



element j 

Observed 

. concentration 

of interfering 

element / 



element k 



Interference correction factors may be negative if background 
correction is used for element /. A negative K if can result where 
an interfering line is encountered at the background correction 
wavelength rather than at the peak wavelength. Determine con- 
centrations of interfering elements j, k, and / within their re- 
spective linear ranges. Mutual interferences (/' interferes with j 
and j interferes with /) require iterative or matrix methods for 
calculation. 

d. Correction for nonspectral interference: If nonspectral in- 
terference correction is necessary, use the method of standard 
additions. It is applicable when the chemical and physical form 



of the element in the standard addition is the same as in the 
sample, or the ICP converts the metal in both sampie and ad- 
dition to the same form; the interference effect is independent 
of metal concentration over the concentration range of standard 
additions; and the analytical calibration curve is linear over the 
concentration range of standard additions. 

Use an addition not less than 50% nor more than 100% of the 
element concentration in the sample so that measurement pre- 
cision will not be degraded and interferences that depend on 
element/interferent ratios will not cause erroneous results. Apply 
the method to all elements in the sample set using background 
correction at carefully chosen off-line positions. Multielement 
standard addition can be used if it has been determined that 
added elements are not interferents. 

e. Reporting data: Report analytical data in concentration units 
of milligrams per liter using up to three significant figures. Report 
results below the determined detection limit as not detected less 
than the stated detection limit corrected for sample dilution. 

6. Precision and Bias 

As a guide to the generally expected precision and bias, see 
the linear regression equations in Table 3120:11. y Additional in- 
terlaboratory information is available. 10 



Table 3120:11. ICP Precision and Bias data 



Element 



Concentration 
Range 

\xo/L 





Total Digestion* 




M*L 




X 


- 0.9273C 


+ 3.6 


s 


= 0.0559* 


+ 18.6 


SR 


- 0.0507* 


+ 3.5 


X 


- 0.7940C 


- 17.0 


s 


- 0.1556* 


- 0.6 


SR 


- 0.1081* 


+ 3.9 


X 


1.0437C 


- 12.2 


s 


- 0.1239* 


+ 2.4 


SR 


- 0.0874* 


+ 6.4 


X 


- 0.7683C 


+ 0.47 


s 


- 0.1819* 


4- 2.78 


SR 


- 0,1285* 


+ 2.55 


X 


- 0.9629C 


+ 0.05 


S 


- 0.0136* 


+ 0.95 


SR 


- 0.0203* 


- 0.07 


X 


- 0.8807C 


+ 9.0 


s 


- 0.1150* 


+ 14.1 


SR 


- 0.0742* 


+ 23.2 


X 


- 0.9874C 


- 0.18 


S 


- 0.0557* 


+ 2.02 


SR 


- 0.0300* 


+ 0.94 


X 


- 0.91 82C 


- 2.6 


s 


- 0.1228* 


+ 10.1 


SR 


- 0.0189* 


+ 3.7 


X 


- 0.9544C 


+ 3.1 


s 


- 0.0499* 


+ 4.4 


SR 


- 0.0009* 


+ 7.9 



R 


ecoverable Dis 


^estion* 






lx.g!L 




* 


= 


0.9380C 


+ 22.1 


5 


= 


0.0873* 


+ 31.7 


SR 


= 


0.0481* 


+ 18.8 


X 


- 


0.8908C 


+ 0.9 


s 


= 


0.0982* 


+ 8.3 


SR 


= 


0.0682* 


+ 2.5 


X 


= 


1.0I75C 


+ 3.9 


S 


:= 


0.1288* 


+ 6.1 


SR 


== 


0.0643* 


+ 10.3 


X 


^ 


0.8380C 


+ 1.68 


S 


= 


0.2540* 


+ 0.30 


SR 


= 


0.0826* 


-r 3.54 


X 


= 


1.0177C 


- 0.55 


s 


= 


0.0359* 


+ 0.90 


SR 


= 


0.0445* 


- 0.J0 


X 


= 


0.9676C 


+ 18.7 


S 


= 


0.1320* 


+ 16.0 


SR 


= 


0.0743* 


+ 21.1 


X 


= 


1.0137C 


- 0.65 


S 


= 


0.0585* 


+ 1.15 


SR 


= 


0.0332* 


+ 0.90 


X 


^r 


0.9658C 


+ 0.8 


S 


^ 


0.0917* 


+ 6.9 


SR 


= 


0.0327* 


+ 10.1 


X 


— 


1.0049C 


- 1.2 


S 


= 


0.0698* 


+ 2.8 


SR 


~ 


0.0571* 


+ 1.0 



Aluminum 



Antimony 



Arsenic 



Barium 



Beryllium 



Boron 



Cadmiun 



Calcium 



Chromium 



69-4792 



77-1406 



69-1887 



9-377 



3-1906 



19-5189 



9-1943 



17-47 170 



13-1406 
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Tabu; 3120:11. Cont. 



Element 



Concentration 
Range 

\iglL 





Total Digestion' 1 




\xg!L 






X = 


0.9209C 


„ 


4.5 


s - 


0.0436* 


4 


3.8 


SR = 


0.0428* 


4 


0.5 


X - 


0.9297C 


- 


0.30 


5 - 


0.0442* 


+ 


2.85 


SR = 


0.0128* 


4 


2.53 


X - 


0.8829C 


+ 


7.0 


s = 


0.0683* 


4 


11.5 


SR = 


-0.0046* 


+ 


1.0.0 


A' = 


0.9699C 


_ 


2.2 


5 = 


0.0558* 


4- 


7.0 


5/? - 


0.0353* 


4- 


3.6 


A- - 


0.9881C 


- 


l.J 


5 = 


0.0607* 


4 


1.1.6 


SR = 


0.0298* 


+ 


0.6 


A- = 


0.941 1C 


+ 


0.13 


5 = 


0.0324* 


+ 


0.88 


5/? - 


0.0153* 


4 


0.91 


X = 


0.9682C 


4 


0.1 


5 = 


0.0618* 


4 


1.6 


5/? = 


0.0371* 


+ 


2.2 


A' = 


0.9508C 


4 


0.4 


S = 


0.0604* 


-f 


4.4 


SR = 


0.0425* 


+ 


3.6 


X - 


0.8669C 


_ 


36.4 


S = 


0.0934* 


+ 


77.8 


57? = 


-0.0099* 


4 


144.2 


a: - 


0.9363C 


- 


2.5 


5 - 


0.0855* 


+ 


17.8 


5/? - 


0.0284* 


4 


9.3 


X = 


0.5742C 


_ 


35.6 


5 - 


0.4160* 


4 


37.8 


5/? - 


0.1987* 


+ 


8.4 


A- - 


0.4466C 


4 


5.07 


5 - 


0.5055* 


_ 


3.05 


SR = 


0.2086* 


_ 


1.74 


AT - 


0.9581C 


+ 


39.6 


5 = 


0.2097* 


4 


33.0 


57? = 


0.0280* 


+ 


105.8 


X - 


0.9020C 


- 


7.3 


s - 


0.1004* 


4 


18.3 


5/? - 


0.0364* 


4 


11.5 


* - 


0.96 1 SC 


_ 


2.0 


5 - 


0.0618* 


4 


1.7 


SR = 


0.0220* 


4 


0.7 


* - 


0.9356C 


_ 


0.30 


5 = 


0.0914* 


4 


3.75 


57? - 


-0.0130* 


4 


10.07 



Recoverable Digestion" 






V-gfL 




* 


— 


0.9278C - 


1.5 


S 


= 


0.0498* 4 


2.6 


SR 


= 


0.0407* 4- 


0.4 


X 


= 


0.9647C - 


3.64 


S 


= 


0.0497* + 


2.28 


SR 


= 


0.0406* 4 


0.96 


X 


= 


0.9830C 4 


5.7 


s 


= 


0.1024* 4- 


13.0 


SR 


= 


0.0790* 4 


11.5 


X 


~ 


1.0056C 4 


4.1 


S 


= 


0.0799* 4 


4.6 


SR 


= 


0.0448* 4 


3.5 


X 


= 


0.9879C 4 


2.2 


S 


= 


0.0564* 4 


13.2 


SR 


= 


0.0268* 4 


8.1 


X 


^ 


0.9725C + 


0.07 


S 


= 


0.0557* 4 


0.76 


SR 


= 


0.0400 A' 4 


0.82 


X 


= 


0.9707C - 


2.3 


s 


— 


0.0811* + 


3.8 


SR 


= 


0.0529* 4 


2.1 


X 


= 


0.9869C 4- 


1.5 


s 


= 


0.0526* 4 


5.5 


SR 


= 


0.0393 A" + 


2.2 


X 


= 


0.9355C - 


183.1 


s 


= 


0.0481* 4- 


177.2 


SR 


= 


0.0329* + 


60.9 


X 


— 


0.9737C - 


I. (J 


S 


= 


0.1523* + 


7.8 


SR 


= 


0.0443* 4 


6.6 


X 


= 


0.9737C - 


60.8 


S 


= 


0.3288* 4 


46.0 


SR 


= 


0.2133* 4- 


22.6 


X 


= 


0.3987C 4 


8.25 


s 


■= 


0.5478* - 


3.93 


SR 


= 


0.1836* - 


0.27 


X 


= 


1.0526C + 


26.7 


s 


= 


0.1473* + 


27.4 


SR 


= 


0.0884* 4 


50.5 


X 


= 


0.9238C 4 


5.5 


S 


— 


0.2156* 4 


5.7 


SR 


= 


-0.0106* 4- 


48.0 


X 


= 


0.955 1C + 


0.4 


s 


= 


0.0927* + 


1.5 


SR 


= 


0.0472* 4- 


0.5 


X 


- 


0.9500C + 


1,22 


s 


= 


0.0597* 4 


6.50 


SR 


= 


0.0153* 4 


7.78 



Cobalt 



Copper 



Iron 



Lead 



Magnesium 



Manganese 



Molybdenum 



Nickel 



Potassium 



Selenium 



Silicon 



Silver 



Sodiun 



Thallium 



Vanadium 



Zinc 



17-2340 



8-1887 



.13-9359 



42-4717 



34-13 868 



4-1887 



17-1830 



17-47 170 



347-14 151 



69-1415 



189-9434 



8-189 



35-47 170 



79-1434 



13-4698 



7-7076 



** - mean recovery, |JLg/L, 

C - true value, jJLg/L, 

S = multi-laboratory standard deviation, |Jig/L, 

SR - single-analyst standard deviation, i^g/L. 
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